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ABSTRACT
We report on the search for optical bursts from J1819–1458, a member of the
recently discovered Rotating Radio Transients (RRATs). J1819–1458 exhibits 3 mil-
lisecond bursts with a peak flux of f1.4GHzν = 3.6 Jy every ∼ 3.4 minutes, implying
that it is visible for only ∼ 1 second per day at radio wavelengths. Assuming that
the optical light behaves in a similar manner, the most sensitive way of detecting
RRATs is hence not to take long exposures of the field, but instead to capture indi-
vidual bursts using a high-speed camera mounted on a large aperture telescope. Using
ULTRACAM on the 4.2-m William Herschel Telescope (WHT) we obtained 97 100
images of the field of J1819–1458, each of 18.1 milliseconds exposure time and with
essentially no dead-time between the frames. We find no evidence for bursts in u′, g′
and i′ at magnitudes brighter than 15.1, 17.4 and 16.6 (5σ), corresponding to fluxes
of less than 3.3, 0.4 and 0.8 mJy at 3560A˚, 4820A˚ and 7610A˚, respectively.
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1 INTRODUCTION
The RRATs are a remarkable new class of variable star char-
acterized by their radio bursts of duration 2–30 milliseconds
which recur every 4–180 minutes (McLaughlin et al. 2006).
The RRATs, of which 11 are currently known, exhibit pe-
riodicities of 0.4–7 seconds, inferred by dividing the inter-
vals between bursts by the largest common denominator.
Such periods are long in comparison with most radio pul-
sars and are instead reminiscent of the periods found in the
radio-quiet Anomalous X-ray Pulsars (AXPs), Soft Gamma
Repeaters (SGRs) and X-ray Dim Isolated Neutron Stars
(see Woods & Thompson 2006 and Haberl 2004). The dis-
tances to the RRATs can be estimated from their disper-
sion measures and it is found that they lie 2–7 kpc away
in the Galactic plane. In the three RRATs with the most
frequent bursts it has also been possible to measure a pe-
riod derivative, showing no evidence for binarity but instead
that these objects spin down like other pulsars. In the case
of J1819–1458, the inferred magnetic field strength is high
(B ∼ 5×1013 G), providing another link between the RRATs
and the magnetars (i.e. the AXPs and SGRs).
The sporadic nature of the bursts in RRATs makes
localization to better than the 14 arcminute beam of the
Parkes Telescope difficult. Fortunately, the positions of the
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three RRATs with period derivatives can be refined through
radio timing and were quoted to an accuracy of arcseconds
by McLaughlin et al. (2006). This enabled Reynolds et al.
(2006) to identify the Chandra source CXOU J181934.1–
145804, lying within 2 arcseconds1 of the radio source, as
the X-ray counterpart to J1819–1458. The X-ray properties
of the source, which is point-like and shows no variability,
are consistent with thermal emission from a cooling neutron
star (Reynolds et al. 2006), lending further weight to the
hypothesis that RRATs are rotating neutron stars.
To further constrain the nature of RRATs, it is desirable
to observe them at different wavelengths. Reynolds et al.
(2006) made a first attempt at this by searching optical
and infrared archives for counterparts to CXOU J181934.1–
145804. They found none, but their limits are not particu-
larly deep (I = 17.5, J = 15.6, H = 15.0, K = 14.0). Taking
longer exposures to go deeper is not necessarily the best solu-
tion, however, as the RRATs may have very faint persistent
optical/IR emission and only emit strongly at these wave-
lengths during bursts2. Given that the duration of the bursts
1 It should be noted that this assumes updated radio coordinates
which differ from the radio position listed in McLaughlin et al.
2006 (Steve Reynolds, private communication).
2 Reynolds et al. (2006) found no evidence for X-ray bursts in
CXOU J181934.1–145804, but this does not mean optical bursts
will be undetectable – the AXP 4U0142+61, for example, exhibits
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in J1819–1458, for example, only total ∼ 1 second a day, the
best strategy would then be to reduce the contribution of the
sky and take a continuous sequence of extremely short ex-
posures on a large-aperture telescope covering a number of
burst cycles in order to catch a burst in one or two of the
frames.
With the high-speed, triple-beam CCD camera UL-
TRACAM at our disposal (Dhillon & Marsh 2001), we have
the ideal tool with which to search for optical bursts from
RRATs. In this paper, we report on an attempt to detect
such bursts from the RRAT J1819–1458. We selected this
RRAT as it exhibits both the most frequent and most pow-
erful radio bursts – a 3 millisecond burst of 3.6 Jy (at 1400
MHz) occurring every ∼ 3.4 minutes, with the burst inter-
vals showing a periodicity of 4.26 seconds. Thanks to the
X-ray identification by Reynolds et al. (2006), J1819–1458
is also the RRAT with the best-determined position, accu-
rate to 0.5 arcseconds, and is one of the closer RRATs to
the Earth (at a distance of 3.6 kpc).
2 OBSERVATIONS AND DATA REDUCTION
The observations of J1819–1458 presented in this paper
were obtained with ULTRACAM (Dhillon & Marsh 2001,
Beard et al. 2002) at the Cassegrain focus of the 4.2-m
William Herschel Telescope (WHT) on La Palma. ULTRA-
CAM is a CCD camera designed to provide imaging photom-
etry at high temporal resolution in three different colours
simultaneously. The instrument provides a 5 arcminute field
on its three 1024 × 1024 E2V 47-20 CCDs (i.e. 0.3 arcsec-
onds/pixel). Incident light is first collimated and then split
into three different beams using a pair of dichroic beam-
splitters. For the observations presented here, one beam was
dedicated to the SDSS u′ filter, another to the SDSS g′ filter
and the third to the SDSS i′ filter. Because ULTRACAM
employs frame-transfer chips, the dead-time between expo-
sures is negligible: we used ULTRACAM in its highest-speed
drift mode, with 2 windows each of 60× 60 pixels and 2× 2
binning, resulting in an exposure time of 18.1 milliseconds
and a dead-time of 1.4 milliseconds. A total of 97 100 consec-
utive frames of J1819–1458 were obtained from 06:07–06:38
UTC on 2006 March 11, with each frame time-stamped to a
relative accuracy of better than 50 µs using a dedicated GPS
system. The data were obtained in photometric conditions,
with no moon and i′-band seeing of ∼ 1.5 arcseconds.
Figure 1 shows part of an ULTRACAM i′-band acqui-
sition image of the field of J1819–1458 with the 2 drift-
mode windows and X-ray position marked. The data were
reduced using the ULTRACAM pipeline data reduction sys-
tem. In order to perform aperture photometry, we had to
determine the pixel position of J1819–1458 on the ULTRA-
CAM detectors. This was achieved by offsetting from the
a pulsed fraction 5–7 times greater in the optical than the X-
ray (Dhillon et al. 2005). In addition, by analogy with the Crab
pulsar, searching for optical bursts (as opposed to any persistent
emission) may also be the most sensitive method of detecting
RRATs – the main optical pulse of the Crab is 5 magnitudes
brighter in the B and V-bands compared to its persistent light
level and is coincident (to within 100 µs) with the radio peak
(Golden et al. 2000).
Table 1. Limiting magnitudes (5σ) for the optical bursts from
J1819–1458 as a function of the extraction aperture radius.
Aperture radius Limiting magnitude (5σ)
(arcseconds) u′ g′ i′
0.9 16.0 18.3 17.5
1.8 15.1 17.4 16.6
2.7 14.6 16.8 16.0
3.6 14.1 16.4 15.6
4.5 13.7 16.0 15.2
5.4 13.4 15.6 14.8
star at pixel position (282, 44) in figure 1, which we identi-
fied as 2MASS18193423–1457589 (α2000: 18 19 34.23, δ2000:
–14 57 59.0), to the X-ray position of J1819–1458 given by
Reynolds et al. (2006). Given the uncertainty in the 2MASS
position (0.1 arcseconds), the Chandra position (0.5 arcsec-
onds) and the plate scale (0.01 arcseconds/pixel), we esti-
mate that the resulting error in the location of J1819–1458
on the ULTRACAM detectors is ∼ 0.6 arcseconds. Due to
this uncertainty, we extracted light curves using a series of
software apertures centred on the X-ray position of J1819–
1458, with radii ranging from 0.9 to 5.4 arcseconds and with
the sky level determined from an annulus surrounding the
largest aperture.
3 RESULTS
Figure 2 shows the u′, g′ and i′ light curves of the field
around J1819–1458 for an aperture radius of 1.8 arcsec-
onds. The signature of an optical counterpart to the radio
bursts detected by McLaughlin et al. (2006) would be a se-
ries of deviant points lying greater than, say3, 5σ from the
mean. Given that the exposure time is significantly longer
than the radio burst duration, one would expect only one
or two points per burst. Furthermore, given the mean inter-
val between radio bursts and the length of the ULTRACAM
dataset, one would expect there to be approximately 9 such
deviant points in the light curve, each separated by ∼ 3.4
minutes.
The dashed line in figure 2 shows the +5σ deviation
level. It can be seen that there are no points lying above
this line. The light curves derived from larger aperture radii
do show 1–2 points lying well above the +5σ line, but a
visual inspection of the corresponding images revealed that
the events were all due to cosmic rays (as shown by their
non-stellar profiles and the fact that they were only visible
in one of the three CCD chips). The implication is that we
have not detected any evidence for optical counterparts to
the radio bursts from J1819–1458.
Although a negative result, it is useful to place a mag-
nitude limit on the optical bursts from J1819–1458 in order
to inform future optical studies of RRATs. The magnitude
limits are shown in table 1 and can be seen to depend on
the aperture radius used for the extraction, as a burst has to
3 We have chosen 5σ as we have ∼ 105 data points and only one
point in ∼ 106 would be expected to be greater than 5σ from the
mean in a Gaussian distribution.
c© 2006 RAS, MNRAS 000, 1–4
A search for optical bursts from the RRAT J1819–1458 3
N
E
Figure 1. Image of the field of J1819–1458 in the i-band, taken by summing 9 acquisition frames with a total exposure time of 30
seconds. The two ULTRACAM windows used to acquire high-speed data on J1819–1458 are shown by the dashed boxes. The X-ray
position of J1819–1458 derived by Reynolds et al. (2006) is marked in the left-hand window. The plate scale is 0.3 arcseconds/pixel and
the orientation of the field is shown on the right-hand side.
Figure 2. From top to bottom, i′, g′ and u′ light curves of J1819–1458, extracted using an aperture radius of 1.8 arcseconds. The dashed
lines show the level above which points would deviate by more than +5σ from the mean. Note the increased scatter towards the end of
the run, particularly evident in i′, due to the approach of morning twilight. As a result, this part of the light curve was omitted during
the standard deviation calculation.
be brighter to be visible at the 5σ level in a larger aperture
due to the larger number of pixels in the aperture and hence
the increased noise from the sky and detector. A reasonable
choice of aperture would be 1.8 arcseconds, as this corre-
sponds to 3σ from the expected position of J1819–1458 (see
section 2). In this case, we are able to say that J1819–1458
shows no evidence for optical bursts brighter than 15.1, 17.4
and 16.6 in u′, g′ and i′, respectively. This corresponds to
U , B and I magnitudes of 15.4, 17.9 and 16.1, respectively,
where we have used the conversion equations of Smith et al.
(2002) and assumed r′ = i′.
The corresponding flux limits are< 3.3, 0.4 and 0.8 mJy
in u′, g′ and i′, respectively, calculated using equation 2 of
Fukugita et al. (1996). It is not straightforward to assign a
wavelength to each of these fluxes, as the effective wave-
lengths of the SDSS filters can be defined in a number of
ways (see Fukugita et al. 1996) and depend on a number of
parameters, including the throughput of the optics, the de-
tector quantum efficiencies, the atmospheric extinction and
the spectrum of the star. Moreover, there is a systematic un-
certainty in the conversion of SDSS magnitude to flux of 5–
10% (Smith et al. 2002). We calculate effective wavelengths
for the u′, g′ and i′ fluxes quoted above of 3560A˚, 4820A˚
and 7610A˚, respectively, assuming a flat spectral source.
Taking our most sensitive flux limit of < 0.4 mJy at g′
(6.2 × 1014 Hz), we can compare this to the radio flux of
3600 mJy at 1.4 × 109 Hz measured by McLaughlin et al.
(2006) to deduce that the spectral slope must be steeper
than fν ∝ ν
−0.7. For comparison, the radio-to-optical slope
of the Crab pulsar is ∼ −0.2 (Lyne & Graham-Smith 2005),
but it is not straightforward to interpret such coarse spectral
energy distributions because the optical and radio photons
have very different origins (the optical is incoherent emission
from the outer gap, the radio is coherent emission from both
the polar cap and the outer gap – see Lyne & Graham-Smith
(2005) and references therein).
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It should be noted that the dead-time of ULTRACAM
during our J1819–1458 observations was less than half the
duration of the radio bursts observed by McLaughlin et al.
(2006). This makes it unlikely we missed a single optical
burst whilst ULTRACAM was reading out, let alone the
expected 9 bursts. Moreover, if the emission mechanisms in
J1819–1458 are similar to those of the Crab pulsar, in which
the optical pulse is known to be approximately 5 times wider
than the radio pulse (Shearer et al. 2003), it makes it even
more unlikely that our non-detection of optical pulses is due
to the dead-time of ULTRACAM.
We searched for periodicities in the light curve
shown in figure 2 using a Lomb-Scargle periodogram
(Press & Rybicki 1989). No evidence for a significant peak
around the proposed 4.26 second spin period was found.
4 DISCUSSION
We find no evidence for optical analogues to the radio bursts
seen in the Rotating Radio Transient J1819–1458. Using
a frame rate of ∼ 50 Hz, ULTRACAM has enabled us to
place 5σ limits on the burst magnitudes of 15.1, 17.4 and
16.6 in u′, g′ and i′, respectively. In comparison with the
AXP 4U 0142+61, for example, which has magnitudes of
i′ = 23.7, g′ = 27.2 and u′ > 25.8 (Dhillon et al. 2005), our
limits on J1819–1458 do not appear to be particularly deep.
To place our limits in some context, therefore, it should be
noted that if we had taken a single 1 hour exposure of the
field with the WHT under identical conditions, and assum-
ing the object emitted 18 bursts, each of i′ = 16.6 and 18.1
milliseconds duration, we would have detected the object
at only ∼ 0.7σ. Using the high-speed photometry technique
described in this paper, on the other hand, we would have
detected the source at 5σ. The difference in sensitivity be-
tween the two techniques is due to the fact that the long
exposures would be sky limited, whereas the data presented
in this paper are readout-noise limited.
Due to the nature of the bursts in RRATs, therefore,
the only way we can significantly improve on the magnitude
limits is to observe at higher frame rates (in order to reduce
the small contribution of sky noise still further) and/or use
a larger aperture telescope (in order to increase the number
of counts detected from each burst). The discussion above
assumes, of course, that the optical and radio light behave in
a similar manner. If, however, the optical light has only a low
(or no) pulsed fraction, then deep, long-exposure imaging
might prove fruitful, as might searches for pulsed light on the
proposed spin period of the neutron star (e.g. Dhillon et al.
2005).
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